ABSTRACT.--We constructed a phylogeny for the dabbling ducks (tribe Anatini) based on cytochrome-b and ND2 mitochondrial gene DNA sequences. This phylogeny differed in several important respects from a morphological phylogeny developed by Livezey (1991), including the distinctiveness of the blue-winged ducks from other dabbling ducks, the inclusion of the genus Tachyeres and exclusion of Callonetta from the subtribe Anateae, and the lack of support for Mareca as a genus separate from Anas. Characters from three other data sets showed greater consistency with the molecular topology than with the morphological topology. The molecular phylogeny divides the dabbling ducks into four distinct groups: (1) four South American genera, including Amazonetta, Lophonetta, Speculanas, and Tachyeres; (2) the Baikal Teal (Anas formosa); (3) the blue-winged ducks and allies; and (4) a large clade including wigeons, pintails, mallards, and several teal lineages. An examination of the distributions of species in light of the phylogeny indicates relatively little biogeographic structure. Geographic origin for most internal branches is ambiguous using several reconstruction methods. We suggest that the high dispersal ability of birds (especially dabbling ducks) has important implications for recovery of branches using molecular systematics. Received 26 January 1998, accepted 27 January 1999. 
METHODS
We obtained samples of 45 species of dabbling ducks from a variety of sources, including collections of captive waterfowl, hunter-killed birds, and museum tissue collections (Table 1 ). In general, DNA sequence variation within species was very low (see Results), so we sequenced only one individual for 36 species. We sequenced two or three individuals representing different subspecies or geographic areas for the remaining species. We included all of the taxa of Anas in Livezey's (1991) analysis except A. wyvilliana, A. oustaleti, A. albogularis, A. andium, and A. eatoni. We also included a representative of Tachyeres, which in an analysis based on mtDNA small-subunit (12S) rDNA sequences was placed in Anatini (M. Sorenson and K. Johnson unpubl. data). Finally, we included 11 outgroup taxa to root the phylogeny, including most of Livezey's (1991) outgroup taxa plus several additional genera.
DNA sequencing.--DNA from tissue, feather, or blood samples (only one taxon was sampled from blood) was extracted, amplified via PCR, and sequenced for cyt b and ND2 as described by Johnson and Sorenson (1998; Genbank accession numbers AF059053 to AF059174). When multiple individuals of the same species were available, we sequenced all of both gene regions, or half of either cyt b or ND2, to assess within-species variation (see Table 1 ). We did not use samples with incomplete sequences in phylogenetic analyses.
Phylogenetic analysis.--We performed analysis using the coding regions of the cyt-b and ND2 genes as well as portions of the flanking tRNA genes, resulting in a total of 2,147 bp in the molecular analysis.
We searched for most-parsimonious tree(s) using 20 replicate heuristic searches with random taxon addition in PAUP* (Swofford 1997) . To determine the sensitivity of tree topology to weighting, we performed several analyses in which we varied the weighting of transversions relative to transitions. To determine the relative support for the resulting topologies, we performed bootstrapping (Felsenstein 1985) of the molecular data using 1,000 fast bootstrap replicates in PAUP*.
We analyzed Livezey's (1991) morphological data set both separately and in combination with the DNA sequence data with all characters unordered and unweighted. We conducted a partition homogeneity test (Farris et al. 1995) to determine if significant conflict exists between the morphological and molecular data sets. We also used constrained parsimony searches to determine the number of additional steps required in the unweighted molecular data to obtain monophyly of selected clades from Livezey's (1991) tree.
To further compare molecular and morphological data sets, we determined the number of steps and consistency indices of the molecular and morphological data over the unweighted molecular tree, the morphological tree, and the combined tree. We also evaluated the number of morphological characters that showed an increase, no change, or a decrease in number of steps on the unweighted molecular tree to determine if some morphological characters are more consistent with the molecular data than with the rest of the morphological data. In addition, we evaluated alternative topologies with respect to how well each reconstructed molecular evolution. The transition-to-transversion ratio for cyt b and ND2 is 15:1 for this data set (Johnson and Sorenson 1998).
We estimated this value independently of a phylogeny, and it provides a standard against which ratios reconstructed over the phylogeny can be compared.
Reconstructed ratios that are closer to this value indicate topologies that are more consistent with this independent measure of molecular evolution. We reconstructed the average number of changes using MacClade (Maddison and Maddison 1992) and calculated the ratio of transitions to transversions of the molecular data over the three topologies.
To determine whether the morphological or molecular data were more consistent with previous analyses, we examined the consistency indices of other data sets over the morphological tree, the unweighted cyt-b/ND2 tree, and the combined tree. These data included behavior (Lorenz 1941 . This is not surprising, because the molecular data set contained many more informative characters than the morphological data set. However, even though we used equal weighting in the combined analysis, the combined data consensus tree was more similar to the transversionweighted molecular consensus tree (d = 13) than it was to the unweighted molecular consensus tree (d = 25). Specifically, the resolution of the seven teal/pintail/mallard lineages was identical to the weighted molecular consensus tree. In the combined data tree, resolution of several lineages in the blue-winged ducks and allies was also much more similar to the weighted molecular tree than to the unweighted molecular tree. This suggests that transversion weighting produces more congruence between the molecular and morphological phylogenies. Phylogenetic signal in the morphological data set, when combined with the molecular data, produced novel arrangements that otherwise were evident only when the molecular data were weighted.
RESULTS

Phylogeny
The consistency index for the molecular data declined by 0.06 from the molecular to the morphological tree ( Table 2 ). The consistency index for the morphological data declined by 0.25 from the morphological to molecular tree. These differences again suggest that there is heterogeneity in phylogenetic signal between the morphological and molecular data sets. A total of 87 morphological characters showed an increase in the number of steps when reconstructed over the unweighted molecular tree compared with the morphological tree, whereas 65 morphological characters showed no change. Four characters required fewer steps when reconstructed over the molecular tree, indicating that at least some morphological characters show greater consistency with the molecular data than with other morphological We examined the consistency indices of other data sets that could be examined cladistically over the morphological tree (our reanalysis of Livezey [1991] ), the unweighted molecular tree, and the combined tree. In all three cases, the consistency index over the molecular tree was higher than over the morphological tree (Table 2 ). This is especially notable for the behavioral (McKinney 1978) data, which required only 20 steps on the molecular trees compared with 28 steps on the morphological tree. In two of the three data sets, the combined tree resulted in fewer steps than the unweighted molecular tree (Table 2 Biogeography.--We used the weighted molecular tree in the biogeographic analyses because it was better corroborated by the morphological data than was the unweighted molecular tree, and it was more fully resolved than the unweighted combined tree. Reconstruction of ancestral areas using either Ronquist's (1997) dispersal-vicariance analysis (Fig. 2) Pintails.--Monophyly of the pintails is strongly supported, and there is some indication that the Cape Teal is sister to the pintail clade. Strong support exists for a sister-species relationship between Brown Pintail (A. georgica) and Northern Pintail, but the placement of two morphologically similar species, the Redbilled Pintail (A. erythrorhyncha) and the Whitecheeked Pintail (A. bahamensis), is not well supported.
Austral teals.--None of our analyses supported the monophyly of the "austral teals," but rather separated these species into two major clades: the gray teals and the brown teals (Fig.  2) . Six additional steps are required in the unweighted molecular data when the austral teals are constrained to be monophyletic. The striking male plumage similarity between the In general, the molecular phylogeny was more consistent with other published data sets and with our expectations regarding molecular evolution. When all taxa are included in the analysis, the molecular data appears to have the overwhelming phylogenetic signal. Nonetheless, several features of trees from the combined unweighted morphological and molecular data are more similar to trees from the weighted molecular data alone than they are to trees from the unweighted molecular data alone. In addition, the combined tree also showed more consistency with other studies and resulted in an estimated transition/transversion ratio that was closer to a previous phylogeny independent estimate. This suggests that transversion weighting is more highly corroborated by the majority of evidence.
BIOGEOGRAPHY
The difficulty of reconstructing areas of origin for the dabbling ducks likely is due to their high dispersal ability. Even a phylogeographic reconstruction method that explicitly includes dispersal (Ronquist 1997) cannot overcome this problem. Perhaps in a group such as dabbling ducks, dispersal ability is so high that most methods of phylogeographic reconstruction will fail to identify single areas of origin. Nonetheless, a number of interesting biogeographic insights are provided by the molecular tree. Most other groups of birds show much stronger phylogeographic signal in biogeographic distributions. In some cases, entire orders or families are restricted to single continents (e.g. Musophagiformes, Coliiformes, Batrachostomidae, Pardalotidae). Very few genera have such a global distribution as the dabbling ducks. In addition, this distribution has been generated by multiple independent colonizations of several continents and islands in different lineages of ducks. The few other genera that have a distribution similar to dabbling ducks (e.g. Larus, Ardea, Pandion, Accipiter) seem largely to be associated with water or are birds of prey (with large home ranges). Phylogenetic correlations of habitat characteristics, dispersal ability, and biogeographic distribution of various species remain to be examined in a rigorous way across many taxa (see Price et al. 1997 for an analysis of these patterns in Old World wood warblers), but this trend suggests potentially interesting patterns. Perhaps species that are associated with water are able to rest on the ocean during dispersal.
Does this dispersal-driven speciation have implications for our ability to reconstruct the phylogeny of such groups? The lack of strong resolution at two different taxonomic levels within the dabbling ducks, including relationships among several major clades of dabbling ducks and among mallard species, appears to be due to short branch lengths between internodes (i.e. a "star" phylogeny; Lara et al. 1996) . This suggests the occurrence of periods of rapid radiation in both the teal/pintail/mallard clade and in the mallards. The lack of strong support for the placement of several of the mallard species is surprising given that the terminal branches of these species are relatively short and homoplasy is unlikely to obscure relationships (Lanyon 1988 ). Perhaps climatic periods in the history of the dabbling ducks have promoted widespread dispersal. If dispersal to many continents or islands during these hypothetical periods was nearly simultaneous, then reconstruction of the phylogenetic relationships among species or lineages that radiated in this way may be essentially intractable.
